Various approaches for the optical detection of chiral compounds have been developed due to their natural optical activity. Since the advantages of second harmonic generation (SHG) on noble-metal nanoparticles (NPs) have been observed, it would be interesting to study the nonlinear phenomena from chiral compounds attached Ag NPs. In the present work, we fabricated chiral-modified Ag NPs based on the self-assembly process of cysteine and Ag, and carried out the investigation on SHG on modified and unmodified Ag NPs. For modified Ag NPs, either L-Cysteine (L-C) or DCysteine (D-C), as a pair of enantiomers, was applied on top of the Ag NPs. The resulting chiral-modified monolayers of L-C/Ag NPs and D-C/Ag NPs exhibit a reversed optical rotation difference (ORD) at linearly ±45° polarization of SH, where no such difference exists for Ag NPs alone. SHG efficiently probes and discriminates L-C from D-C monolayers on the modified Ag NPs, which constitutes a simple and sensitive optical diagnostic of chiral molecules.
INTRODUCTION
Chiral molecules, which lack mirror-symmetry, are subject to intense research for their natural and nonlinear optical activity 1 . Cysteine is such a chiral, sulfur-containing amino acid found as a building block of proteins throughout the human body 2 . L-C and D-C in Fig.1 is a pair of enantiomers with an asymmetric carbon atom, where the difference lies in the spatial arrangement of atoms around the chiral carbon center. Optical rotation is a signature of the handedness difference. Plane polarized light can be decomposed into two opposite circularly polarized components with equal intensity. When a plane-polarized light propagates through right-handed or left-handed chiral molecules, the plane of polarization is rotated clockwise or counter-clockwise, which is described as dextrorotatory or levorotatory 3 .
SHG has been considered as a probing method to investigate chiral molecules due to their nonlinear properties 4 . SHG from metallic nanoparticles or island film, which is dominated by collective electron-plasma oscillations, is also promising for nanoplasmonics, 5 photonic device applications, 6, 7 and nonlinear optics 8, 9 . Therefore, it is desirable to study nonlinear phenomena from combined chiral materials and metallic nanoparticles, and help develop alternative optical diagnostics of chiral molecules. In the past, various approaches have been used for optical detection of cysteine, including interaction with metallic NPs. 10 In this paper, we report on optical rotation difference of SHG in transmission from chiral-modified Ag NPs with either an L-C or D-C monolayer, which is also compared with unmodified Ag NPs.
EXPERIMENTAL

Synthesis of chiral-modified Ag NPs
Sample fabrication consists of two steps: synthesis of Ag NPs and modification with a chiral molecule. Silver with 99.99 % purity from Goodfellow, L-Cysteine hydrochloride monohydrate from J.T. Baker Chemical Co., and DCysteine hydrochloride monohydrate from Alfa Aesar were used without further purification. Ultrapure water (Millipore-Q) with 18 MΩ.cm-resistivity was used for solution preparation and rinsing. Ag NPs are prepared by vacuum thermal evaporation in a K.J. Lesker thin film deposition system. As cysteine in Fig.1 is a sulfur-containing amino acid, chiral modification can be achieved through the formation of SAg coordination. At room temperature, a glass slide of Ag NPs is dipped into 1 mM cysteine (L-C or D-C) aqueous solution for 20 hours, and rinsed in ultrapure water several times after dipping. Thus a monolayer of cysteine forms on top of Ag NPs, with a deeper color than unmodified Ag NPs. From UV-Vis comparison in Fig.4 , a shift and broadening of the absorption is observed after the chiral modification. 
SHG measurements
SHG was carried out with a Toptica FemtoFiber FFS diode pumped fiber laser at the fundamental wavelength of 1550nm (90 MHz repetition rate, 250 mW average power). It was measured in transmission using the set-up described in Fig.3 . The laser beam was rotated to p-polarization using a half-wave plate. It was focused onto the top of the slide surface with a Gaussian waist of 36 μm and a Rayleigh range of 0.32 mm. Sample slide was mounted vertically upon a rotation stage to vary incident angle, ranging from 0° to 60°. SH signal in transmission was filtered by an N-SF11 equilateral dispersive prism, optically selected by a narrow band-pass filter centered at 775nm, collected by a photomultiplier tube (PMT) and recorded by a digital oscilloscope (Agilent Technologies DSO-X 2012A). SH polarization was analyzed using a linear polarizer at ±45°. Standard lock-in techniques, including a lock-in amplifier (LIA) and chopper (frequency, 2000 Hz), are used to extract SH from noise and enhance detection sensitivity. UV-Vis absorbance of the Ag NP films is shown in Fig.4 . Ag NPs show a strong absorption around 490 nm due to collective oscillations from conduction electrons on the surface of the NPs. This is kown as the surface plasmon resonance (SPR) 12 . The self-assembly process of cysteine on Ag NPs induces a broader absorption and red shift owing to a larger index of the surrounding material and disorder in the assembly. Second order optical nonlinearity of the NPs was studied by SHG. Fig.5 shows incidence dependent SHG of Ag NPs monolayer. Referred to the p poloarized fundamental, SH signal should theoretically vanish at normal incdence. Because the polarization of incident electric field at this position is totally parallel to the sample surface, resulting in no electric dipole along the normal (Z direction, where X-Y is in plane) of the sample surface. However, in Fig.5 , there is a nonzero intensity at normal icidence. It maybe caused by the unprecisely focused laser beam on the interface. Indeed the laser beam diverges out of the Rayleigh range and in our set-up, the rayleigh range at focus is 0.32 mm, which is smaller than the 1mm thick glass substrate. So a weak electric field component in Z direction should exist. By increasing the incident angle, stronger SH internsity is expected owing to increased projection of the laser polarization to the normal of the surface. The weak modulation around 30° has been attributed to roughness or impurities on the surface, 15 it could simply be due to an interference of weak SHG emitted from the back surface of the glass substrate. 16 After 40°, SH intensity declines rapidly because of increasingly reflected SH and decreasingly transmitted SH. All the characteristics above indicate that the surface has C ∞v symmetry, where broken symmetry is along the surface normal and isotropy exists in plane. 17 Second-order susceptibility tensor for C ∞v symmetry is given by 
RESULTS AND DISCUSSION
Absorption shift
where Kleinman symmetry holds. Result shows there is no difference between ±45° output polarization of unmodified Ag NPs, which indicates an equal SH intensity between ±45° polarization. SHG curves of modified Ag NPs are shown in Fig.6 and Fig.7 . We see a similar trend with unmodified Ag NPs in the incidence dependence. However, there is a net SH difference between ±45° output polarization, which is well outside of error bars in modified Ag NPs. Fig.6 shows that L-C/Ag NPs monolayer has a stronger SH intensity at -45° polarization than at +45° polarization. Oppositely, we notice in Fig.7 that D-C/Ag NPs monolayer has a weaker SH intensity at -45° polarization than at +45° polarization. These results indicate that Ag NPs modified with cysteine have the ability to generate rotated SH polarization. Comparatively, Ag NPs alone shows no optical rotation as we see in Fig.5 . Therefore, cysteine induces optical anisotropy in SHG owing to its chiral structures.
SHG of modified Ag NPs
For chiral molecules, additional components of (2) χ have to be considered in C ∞ symmetry:
Those surface susceptibility elements exist only in chiral molecules deprived of mirror symmetry, which are zero in achiral materials. As L-C and D-C are enantiomers, they hold a reverse sign of susceptibility elements in eq. (2). Hence one of the "XYZ" surface-susceptibility elements allows probing the chirality in SHG. For example, Y-polarized SHG in transmission from the p-polarized fundamental can be observed. Therefore, SH intensities at ±45° polarization are unequal. Compared to unmodified Ag NPs, SH rotation exists. Due to opposite chiral structures, we see that the plane of SHG polarization is "reversely rotated" between L-C/Ag NPs and D-C/Ag NPs. This phenomenon has been termed "SHG-ORD". 20 
CONCLUSION
We have fabricated chiral-modified Ag NPs monolayers with cysteine and investigated SHG properties of modified and unmodified Ag NPs. Non-linear optical rotation, described by the difference of ±45° output polarization of SHG, is observed reversely between L-C/Ag NPs and D-C/Ag NPs. Also, no optical rotation exists for Ag NPs alone. As a conclusion, SHG is an efficient probing method for distinguishing L-C from D-C, which is an alternative diagnostic of chiral molecules.
